5-month-old previously well infant was taken to the emergency department because of parental concerns about constipation and feeding difficulties. She was born at term and had passed meconium within 24 hours. She had been having daily bowel movements, but at the time of assessment she had not had one in 15 days. She was breastfeeding poorly and was drooling more than usual. Her parents also noticed that she was weak in both the upper and lower extremities and was no longer able to roll over. She had no fever, upper respiratory or other gastrointestinal symptoms.
The pregnancy had been unremarkable. The infant was delivered at home with the help of a midwife. Her birth weight was 4.3 kg. She was breastfed exclusively, with no ingestion of solid foods or honey. She had not had any illnesses or need of hospital care. She was not vaccinated because of parental preference. The family was living in a house in a rural area in Canada.
On initial physical examination, the infant appeared well. Her vital signs were normal, and she had no signs of distress. The findings of a systemic examination in the emergency department were normal. There were no signs of gastrointestinal obstruction, and the rectal examination showed no abnormalities. Constipation was diagnosed, and the infant was discharged home.
After 5 days of persistent constipation, weakness and poor muscle tone, and 3 separate outpatient medical assessments, the girl was referred to the emergency department and admitted to hospital for monitoring and further in vestigation. Laboratory tests showed a normal complete blood count, electrolyte levels and metabolic test results, including normal lactate, ammonia and blood gas levels. Lumbar puncture revealed a leukocyte count of 3 × 10 6 /L, an erythrocyte count of 1 × 10 6 /L, a protein level of 0.2 g/L and a glucose level of 2.7 mmol/L, all within normal limits. Cultures of blood, urine and cerebral spinal fluid were negative for bacteria. Magnetic resonance imaging of the brain showed no abnormalities.
Because of the presence of constipation together with neurologic findings of peripheral hypotonia and bulbar involvement, as suggested by the feeding difficulties and excessive drooling, a diagnosis of infant botulism was considered by the admitting physician. A fecal sample was sent to Health Canada's Botulism Reference Service for Canada. It tested positive for botulinum neurotoxin type A. Polymerase chain reaction assay was positive for the type A neurotoxin gene, and an enrichment culture yielded Clostridium botulinum type A.
Given the patient's clinical presentation and the detection of toxin in the fecal sample, infant botulism was diagnosed on day 4 of admission. The patient breastfed throughout her hospital stay, requiring only 48 hours of feeding through a nasogastric tube. She had no signs of respiratory compromise and gradually showed improvement in the power in her limbs. Given her clinical improvement at the time of diagnosis, her prolonged history and mild presentation, she was not given antitoxin. It was decided to observe her in hospital and consider antitoxin if she required antibiotic therapy for a secondary bacterial infection.
On discharge home after 7 days, the patient had only mild weakness, was feeding well and had no further excessive drooling. Over the next few weeks, she made a complete recovery to baseline neurologic and developmental status. Culture of honey products from her home were negative for C. botulinum; no other household products were tested.
Discussion
Infant botulism is not common. In Canada, 38 cases were reported between 1979 and 2010, for an incidence of 1.2 cases per year. 1 In the United States, about 100 cases are reported annually. 2 However, these numbers may be underestimates because of misdiagnosis.
Botulism comes in several forms. Details of their incidence, pathophysiology and diagnosis are outlined in Table 1. 2-6 All forms are caused by botulinum toxin, of which there are 7 sero types. Type A and B are responsible for most cases of infant botulism, with type F causing a few cases and type E being implicated in 1 reported case. 7 Botulinum toxin exerts its effect by binding to the presynaptic cholinergic receptors and irreversibly preventing the release of acetylcholine. The toxin does not cross the blood-brain barrier, which explains the preservation of the central nervous system and cognitive functioning. We will focus on infant botulism in the remainder of this article.
What are the risk factors?
Most cases of infant botulism in North America likely result from exposure to spores in dust and soil. Exposure to spores in honey is also possible, but this is relatively rare, occurring in only 5% of North American cases. 8 Although the spores are not normally infectious to healthy children and adults, they can cause disease in infants under 12 months of age for reasons that are not completely understood. The predominant theory suggests a lack of competitive flora in the gastrointestinal tract, which has been shown in mouse models. 9 Honey Spores of C. botulinum have been isolated from pasteurized and unpasteurized honey. Pasteurization will prolong the shelf life of honey, but the temperature achieved is not sufficient to inactivate the spores, which can withstand temperatures of 100°C for hours. Consumption of honey remains an important preventable risk factor despite it being associated with relatively few cases of infant botulism in North America. Caregivers should avoid giving honey to infants under 12 months old.
Other risk factors
Other risk factors for infant botulism have been suggested from small cohort studies and retrospective case series, as summarized by Domingo and colleagues. 4 These include prolonged breastfeeding, introduction of solid foods, white race, two-parent families and presence of medical insurance. However, these risk factors remain an area of controversy. Some studies have implicated breastfeeding as a risk factor for infant botulism, whereas others have suggested it offers a protective effect. 4 It has been postulated that any change in intestinal milieu in infants can increase susceptibility to colonization with Clostridium species. Prolonged breastfeeding and the introduction of solid foods can cause such changes, and some case series have identified these as potential risk factors. 4 Defining risk factors for this rare condition remains a challenge and requires further investigation.
How does infant botulism present?
Infant botulism affects infants usually between 2 weeks and 12 months of age (median 10 weeks). The clinical spectrum of disease ranges from asymptomatic infection to life-threatening disease. In the classic form, infants present with constipation, followed by poor feeding and lethargy. Subsequently, a subacute deterioration may occur over 4 to 5 days, with symmetric bulbar palsies (i.e., ptosis, ophthalmoplegia, sluggish pupillary responses, poor suck-swallow reflex, expressionless face) and weakness, and occasionally may present as developmental regression. Hypoventilation requiring mehanical ventilation may develop in 60% of untreated infants who present to hospital. 8 Other considerations on the differential diagnosis of infant botulism should include, but are not limited to, congenital or transient myasthenia gravis, magnesium or aminoglycoside toxicity, spinal muscular atrophy, Miller-Fisher syndrome (a variant of Guillain-Barré syndrome) and a variety of inherited metabolic disorders.
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How is the diagnosis made?
The presence of constipation and symmetric bulbar palsies, particularly if hypoventilation is pres ent, should prompt the clinician to consider a diagnosis of infant botulism. The diagnosis is supported by electromyographic findings of abnormal incremental responses to repeti tive nerve stimulation or short-duration, low-amplitude motor unit potentials. The clinical diag nosis is confirmed by the detection of C. botulinum spores or toxin in feces or, rarely, the detection of toxin in serum. An enema can be used to ob tain fecal samples, since affected infants are commonly constipated on presentation.
Who should receive botulism immune globulin?
Any infant with suspected botulism should be admitted to hospital and monitored for complications. A human botulism immune globulin has been developed to replace the equine antitoxin used in adults because of concerns over the use of equine antitoxin, including anaphylaxis, serum sickness and a short half-life of 5 to 7 days.
The human botulism immune globulin was studied in a randomized, double-blind, placebocontrolled trial involving 122 infants with botulism and was found to be efficacious and costeffective. 8 The average onset of symptoms in the trial was 3 days before admission. Treatment within 72 hours after admission resulted in a decrease in the length of hospital stay by 3.1 weeks, the duration of mechanical ventilation by 2.6 weeks and the total hospital charges per patient by US$88 600 on average. A smaller benefit was seen if the immune globulin was given between 3 and 7 days after admission. Human botulism immune globulin does not reverse neurologic symptoms already present; rather, it prevents further binding of toxin, thereby limiting further deterioration.
Human botulism immune globulin was not used in our patient because of her prolonged history of symptoms (2 weeks), mild presentation and signs of improvement. However, it should be considered for use in any infant suspected of having botulism, within 3 to 7 days after presentation. Use after this period has not been studied but may be indicated if there is clinical deterioration or antibiotic treatment is needed.
Currently, the use of antibiotics specifically to treat infant botulism is not recommended.
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Antibiotics may result in lysis of intraluminal C. botulinum, which may result in increased toxin release and worsening neurologic symptoms, as has been shown with aminoglycosides. 12 When antibiotics are required to treat secondary bacterial infections (e.g., pneumonia), the use of human botulism immune globulin before administration should be considered because it may prevent further neurologic deterioration from toxin release. 8 Botulism of any form requires admission to hospital because of the high risk of respiratory failure. Aggressive supportive measures, with ventilator support if required, has resulted in dramatic decreases in mortality from about 50% to 5%, 2 and to less than 1% among infants. Botulism is a notifiable disease in each province and territory in Canada. Upon suspicion of infant botulism, the responsible physician should contact his or her ministry of health, which can help to arrange for stool samples to be tested and human botulism immune globulin, if indicated, to be shipped from California at a cost.
